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Abstract

The hydrothermal reactions of LnCl3 � 6H2O (Ln ¼ Eu, Tb), pyridine-3,4-dicarboxylic acid (3,4-pydaH2), 1,10-phenthroline (phen)

and NaOH in aqueous medium yield two metal-organic hybrid materials, [Eu2(3,4-pyda)3(phen)(H2O) �H2O]n (1) and [Tb2(3,4-pyda)3
(phen)(H2O) �H2O]n (2), respectively. Both compounds have similar topology structure containing one-dimensional nano-chain, which is

further assembled into a three-dimensional supramolecular network via p–p stacking interactions and hydrogen bonds. To the best of

our knowledge, they represent the first example of nano-chain coordination polymers constructed by 3,4-pydaH2 and chelate heterocylic

ligand. Interestingly, the 3,4-pyda anion exhibits three kinds of coordination modes in these complexes. The coordination modes of

3,4-pyda in complexes 1 and 2 have not been observed in other coordination polymers containing 3,4-pyda ligands. Compounds 1 and 2

exhibit strong fluorescent emission bands in the solid state at room temperature. Their magnetic analyses show that they exhibit different

magnetic interactions.

r 2008 Elsevier Inc. All rights reserved.
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1. Introduction

The rational design and construction of novel coordina-
tion polymer have attracted much attention in the field of
supramolecular chemistry and crystal engineering, due to
their intriguing topologies and potential applications as
functional materials [1–6]. Multicarboxylate ligands have
been widely used for exhibiting various coordination
modes to finish various structures with honeycomb, brick-
wall, rectangular grid, bilayer, ladder, diamonds and open
frameworks [7–10]. As a member of multicarboxylate
ligands containing N-donor, pyridine-3,4-dicarboxylic acid
has unique features compared to p-pyridinecarboxylic acid
and m-pyridinecarboxylic acid, showing an excellent
building block with charge and multi-connecting ability
e front matter r 2008 Elsevier Inc. All rights reserved.
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[11,12]. Moreover, previous studies are mainly focused on
those of transition and post-transition elements including
Mn, Cu and Zn [11–16], but those with lanthanide
complexes are less reported. However, owing to the large
radii, high coordination numbers and special magnetic and
fluorescence properties of the lanthanides, lanthanide
complexes are likely to bring unprecedented crystal
structures and unique properties [17–20]. Therefore, it is
interesting to study new lanthanide complexes with
pyridine-3,4-dicarboxylate. Herein, we report the two new
lanthanide coordination polymers [M2(3,4-pyda)3(phen)
(H2O) �H2O]n (M=Eu (1) and Tb (2), 3,4-pydaH2=
pyridine-3,4-dicarboxylic acid, phen=1,10-phenthroline),
in which two double-chains are linked by water molecules
and pyda ligands into interesting one-dimensional nano-
chain structures. To the best of our knowledge, they repre-
sent the first example of nano-chain coordination polymers
constructed by 3,4-pydaH2 and chelate heterocylic ligand.

www.elsevier.com/locate/jssc
dx.doi.org/10.1016/j.jssc.2007.12.039
mailto:songhuihua@mail.hebtu.edu.cn
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Table 1

Crystal data and structure refinement details

Compound 1 2

Empirical formula C33H21Eu2N5O14 C33H21Tb2N5O14

Formula weight 1015.47 1029.39

Temperature (K) 293(2) 294(2)

Wavelength (Å) 0.71073 0.71073

Crystal system Triclinic Triclinic

Space group P1 P1

a (Å) 7.5670(15) 7.5288(10)

b (Å) 12.662(3) 12.6329(18)

c (Å) 18.384(4) 18.320(3)

a (deg) 70.82(3) 70.680(2)

b (deg) 78.96(3) 79.074(2)

g (deg) 76.02(3) 76.231(2)

V (Å3) 1602.2(6) 1585.3(4)

Z 2 2

Calculated density

(Mg/m3)

2.105 2.156

F(000) 984 992

Absorption coefficient

(mm�1)

3.963 4.510

y Range for data

collection (deg)

1.74–27.86 1.19 26.39

Limiting indices �9php9, �4php9,

�16pkp14 �15pkp15

�24plp18 �22plp22

Reflections collected/

unique

12411/7514 9161/6393

(Rint) (0.0337)

Completeness to

y ¼ 27.861

98.5% (y ¼ 26.391)98.3%

Max. and min.

transmission

0.7969 and 0.6478 1.000000 and

0.603171

Data/restraints/

parameters

7514/3/487 6393/3/487

Goodness-of-fit on F2 1.030 1.004

Final R indices

[I42s(I)]
R1 ¼ 0.0321 R1 ¼ 0.0347

wR2 ¼ 0.0779 wR2 ¼ 0.0775

R indices (all data) R1 ¼ 0.0436 R1 ¼ 0.0561

wR2 ¼ 0.0808 wR2 ¼ 0.0861

Largest diff. peak and

hole (e Å�3)

0.692 and �2.132 1.629 and �1.395
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Furthermore, both show intense luminescent properties at
room temperature. Their magnetic analyses show that they
exhibit different magnetic interactions.

2. Experimental section

2.1. Materials and measurements

LnCl3 � 6H2O (Ln=Eu, Tb) were prepared by dissolving
their respective oxides in concentrated hydrochloric acid
followed by drying. All the other reagents were commer-
cially available and were used as received without further
purification. Elemental analyses were performed with an
Elemental Vario EL elemental analyzer. IR spectra were
(KBr pellets) recorded in the 4000–400 cm�1 range with an
FTIR-8900 spectrometer. Thermogravimetric analysis
(TGA) was performed on a TGA-7 instrument in flowing
N2 with a heating rate of 15 1Cmin�1. Fluorescent spectra
were measured with a Hitachi F-4500 luminescence
spectrometer. Magnetic measurements were carried out
with a SQUID MPMS-XL7 magnetometer.

2.2. Synthesis of [Eu2(3,4-pyda)3(phen)(H2O) �H2O]n (1)

A mixture of EuCl3 � 6H2O (0.2mmol), pyridine-3,4-
dicarboxylic acid (0.3mmol), phen (0.3mmol) and NaOH
(0.6mmol) and H2O (8.0mL) was sealed in a 15-mL Teflon
reactor, which was heated to 170 1C for 3 days and then
slowly cooled to room temperature by air cooling. Color-
less needle-like single crystals of compound 1 suitable for
X-ray single-crystal diffraction analysis were obtained
(yield 57%). Anal. calc. for C33H21Eu2N5O14 : C 39.03,
H 2.08, N 6.95; found: C 39.15, H 1.95, N 6.90. IR
(KBr, cm�1): 3464m (nOH), 1646s (ncQN(phen)), 1602s (ncoo

as ),
1566s (ncoo

as ), 1491m (ncoo
as ), 1426s (ncoo

s ), 1394s (ncoo
s ), 845m

(nC–H(phen)), 730m (nC–H(phen)).

2.3. Synthesis of [Tb2(3,4-pyda)3(phen)(H2O) �H2O]n (2)

Compound 2 was prepared using a similar method to
that employed for the synthesis of compound 1, with
TbCl3 � 6H2O (0.2mmol) in place of EuCl3 � 6H2O. Color-
less needle-like single crystals of compound 2 suitable for
X-ray single-crystal diffraction analysis were obtained
(yield 62%). Anal. calc. for C33H21Tb2N5O14 : C 38.14,
H 1.81, N 6.74; found: C 38.50, H 2.06, N 6.80. IR
(KBr, cm�1): 3474m (nOH), 1646s (nc=N(phen)), 1602s (ncoo

as ),
1566s (ncoo

as ), 1491m (ncoo
as ), 1426s (ncoo

s ), 1394s (ncoo
s ), 845m

(nC–H(phen)), 730m (nC–H(phen)).

2.4. X-ray crystallography

Data for compound 1 were measured on a Rigaku
Saturn CCD diffractometer with MoKa radiation
(l=0.71073 Å) at 293(2)K, while data for compound 2

were measured on a Bruker SMART-CCD area detector
diffractometer with MoKa radiation (l=0.71073 Å) at
294(2)K. Both structures were solved by direct methods.
All non-hydrogen atoms were refined anisotropically by
full-matrix least-squares methods. The hydrogen atoms
were added geometrically and were not refined. All
calculations were performed using SHELXS-97 and
SHELXL-97 [21,22]. A summary of the crystallographic
data and refinement parameters is given in Table 1. The
selected bond lengths and angles for 1 and 2 are given in
Tables 2 and 3, respectively.

3. Results and discussion

3.1. Crystal structures of 1 and 2

Compound 1 shows a one-dimensional chain structure in
which the asymmetric unit contains two europium atoms,
three 3,4-pyda ligands, one phen ligand, one coordina-
tion water molecule and one lattice water molecule.
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Table 2

Selected bond lengths (Å) and angles (deg) for compound 1

Eu(1)–O(4)]1 2.305(3) Eu(2)–O(12)]1 2.336(4) Eu(1)–O(5) 2.370(3)

Eu(1)–O(11)]1 2.370(3) Eu(2)–O(9) 2.429(4) Eu(2)–O(6)]3 2.409(4)

Eu(1)–O(3)]2 2.399(3) Eu(1)–O(7) 2.370(3) Eu(2)–O(10) 2.454(3)

Eu(1)–O(13)]2 2.582(3) Eu(2)–O(1) 2.491(3) Eu(1)–O(2) 2.520(3)

Eu(2)–O(8) 2.566(4) Eu(2)–O(7) 2.583(3) Eu(1)–O(1) 2.632(3)

Eu(2)–N(4) 2.609(4) Eu(1)–O(13) 2.645(3) Eu(2)–N(5) 2.614(4)

O(3)–Eu(1)]2 2.399(3) Eu(1)–Eu(2) 4.1417(16) O(6)–Eu(2)]1 2.409(4)

O(4)–Eu(1)]3 2.305(3) Eu(1)–Eu(1)]2 4.4249(14) O(11)–Eu(1)]3 2.370(3)

O(12)–Eu(2)]3 2.337(3) O(13)–Eu(1)]2 2.582(3)

O(11)]1–Eu(1)–O(7) 81.46(12) O(4)]1–Eu(1)–O(3)]2 86.02(12)

O(5)–Eu(1)–O(3)]2 78.51(12) O(11)]1–Eu(1)–O(3)]2 148.39(11)

O(7)–Eu(1)–O(3)]2 92.15(12) O(4)]1–Eu(1)–O(2) 81.60(11)

O(5)–Eu(1)–O(2) 135.89(12) O(11)]1–Eu(1)–O(2) 70.11(12)

O(7)–Eu(1)–O(2) 116.62(11) O(3)]2–Eu(1)–O(2) 138.15(12)

O(4)]1–Eu(1)–O(13)]2 74.57(11) O(5)–Eu(1)–O(13)]2 140.16(11)

O(11)]1–Eu(1)–O(13)]2 133.99(12) O(7)–Eu(1)–O(13)]2 131.45(11)

O(3)]2–Eu(1)–O(13)]2 71.90(11) O(2)–Eu(1)–O(13)]2 66.29(11)

O(4)]1–Eu(1)–O(1) 131.32(11) O(5)–Eu(1)–O(1) 129.39(11)

O(11)]1–Eu(1)–O(1) 72.32(11) O(7)–Eu(1)–O(1) 67.50(11)

O(3)]2–Eu(1)–O(1) 133.42(11) O(2)–Eu(1)–O(1) 50.40(11)

O(13)]2–Eu(1)–O(1) 90.45(10) O(4)]1–Eu(1)–O(13) 136.73(11)

O(5)–Eu(1)–O(13) 127.96(12) O(11)]1–Eu(1)–O(13) 133.26(10)

O(7)–Eu(1)–O(13) 67.13(11) O(3)]2–Eu(1)–O(13) 69.35(10)

O(2)–Eu(1)–O(13) 93.42(11) O(13)]2–Eu(1)–O(13) 64.33(12)

O(1)–Eu(1)–O(13) 64.18(10) O(6)]3–Eu(2)–O(9) 118.65(11)

O(12)]1–Eu(2)–O(6)]3 147.03(11) O(12)]1–Eu(2)–O(9) 73.21(12)

O(12)]1–Eu(2)––O(10) 125.73(12) O(6)]3–Eu(2)–O(10) 78.07(11)

O(9)–Eu(2)–O(10) 53.90(11) O(12)]1–Eu(2)–O(1) 80.93(12)

O(6)]3–Eu(2)–O(1) 74.72(12) O(9)–Eu(2)–O(1) 72.68(11)

O(10)–Eu(2)–O(1) 93.14(11) O(12)]1–Eu(2)–O(8) 75.78(13)

O(6)]3–Eu(2)–O(8) 95.27(12) O(9)–Eu(2)–O(8) 145.81(13)

O(10)–Eu(2)–O(8) 147.37(12) O(1)–Eu(2)–O(8) 116.14(11)

O(12)]1–Eu(2)–O(7) 75.44(11 ) O(6)]3–Eu(2)–O(7) 74.67(10)

O(9)–Eu(2)–O(7) 131.56(11) O(10)–Eu(2)–O(7) 149.45(11)

O(1)–Eu(2)–O(7) 66.63(11) O(8)–Eu(2)–O(7) 50.24(10)

O(12)]1–Eu(2)–N(4) 78.03(13) O(6)]3–Eu(2)–N(4) 133.98(13)

O(9)–Eu(2)–N(4) 72.51(13) O(10)–Eu(2)–N(4) 75.65(12)

O(1)–Eu(2)–N(4) 143.21(13) O(8)–Eu(2)–N(4) 87.37(12)

O(7)–Eu(2)–N(4) 134.18(11) O(12)]1–Eu(2)–N(5) 125.35(13)

O(6)]3–Eu(2)–N(5) 76.44(13) O(9)–Eu(2)–N(5) 122.67(12)

O(10)–Eu(2)–N(5) 80.87(12) O(1)–Eu(2)–N(5) 151.15(13)

O(8)–Eu(2)–N(5) 66.55(12) O(7)–Eu(2)–N(5) 105.52(12)

N(4)–Eu(2)–N(5) 62.63(14)

Symmetry codes. ]1: x+1, y, z ; ]2: �x+1, �y+1, �z; ]3: x�1, y, z.
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As illustrated in Fig. 1, the two crystallographically
unique Eu centers exhibit different coordination environ-
ments in 1. Eu1 is coordinated by seven O atoms
[Eu1–O(3,4-pyda) ¼ 2.370(3)–2.632(3) Å] coming from five
different 3,4-pyda units and two O atoms [Eu1–O(H2O) ¼
2.582(3)–2.645(3) Å] coming from two coordinated water
molecules, showing a distorted triply capped trigonal prism
geometry with O–Eu1–O bond angles ranging from
50.4(11) to 148.39(12)1. Whereas Eu2 center is ligated by
seven O atoms [Eu2–O(pyda) ¼ 2.336(4)–2.583(3) Å] com-
ing from five different 3,4-pyda unit and two N atoms
[Eu2–O(phen) ¼ 2.609(4)–2.614(4) Å] coming from two
phen ligands to complete a distorted triply capped trigonal
prism configuration with O–Eu2–O bond angles ranging
from 50.24(10)1 to 149.45(11)1. The Eu1 and Eu2 atoms are
bridged by three 3,4-pyda ligands to form the building block
[Eu2(3,4-pyda)3(phen)(H2O)]. The two building blocks con-
nect head to head via coordination water [O13 and O13A]
and two pyda ligands to form tetranuclear Eu4(3,4-pyda)6
(phen)2(H2O)2 subunits, which are interconnected through
the 3,4-pyda ligands to form an infinite belt-like chain along
the a-axis as shown in Fig. 2. The distances of the Eu?Eu
separation are 4.142 Å for Eu1?Eu2 and 4.425 Å for
Eu1?Eu1. The Eu ions in one chain distributed in a broad
zone with width of 9.748 Å. The phen molecules located at
both sides of the chain as wings. The separation of
neighboring phen on the same side is ca. 7.567 Å and the
dihedral angle between the phen planes is 01. The plane of
phen is not perpendicular with that composed of ions, ca.
78.961. The phen enlarged the dimensions of the chain into
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Table 3

Selected bond lengths (Å) and angles (deg) for compound 2

Tb(1)–O(2)]1 2.292(4) Tb(1)–O(9) 2.342(4) Tb(1)–O(5) 2.348(4)

O(2)–Tb(1)]1 2.292(4) O(4)–Tb(1)]2 2.614(4) Tb(2)–O(10)]3 2.317(4)

Tb(1)–O(4)]2 2.506(4) Tb(1)–O(7) 2.350(4) Tb(1)–O(3)]2 2.614(4)

Tb(1)–O(13)]2 2.560(4) Tb(2)–O(12) 2.405(5) Tb(2)–O(11) 2.431(4)

Tb(2)–O(8) 2.387(4) Tb(2)–N(4) 2.575(5) Tb(1)–O(1) 2.376(4)

Tb(2)–N(5) 2.591(5) Tb(1)–O(13) 2.560(4) Tb(2)–O(5)]3 2.564(4)

Tb(2)–O(4)]1 2.470(4) O(13)–Tb(1)]2 4.1417(16) Tb(2)–O(6)]3 2.558(5)

O(4)–Tb(2)]1 2.470(4) O(3)–Tb(1)]2 2.506(4) O(6)–Tb(2)]4 2.558(5)

O(10)–Tb(2)]4 2.317(4) O(5)–Tb(2)]4 2.564(4)

O(2)]1–Tb(1)–O(9) 85.73(15) O(2)]1–Tb(1)–O(5) 152.11(14)

O(9)–Tb(1)–O(5) 81.68(14) O(2)]1–Tb(1)–O(7) 77.25(14)

O(9)–Tb(1)–O(7) 69.95(15) O(5)–Tb(1)–O(7) 75.07(14)

O(9)–Tb(1)–O(1) 148.09(15) O(2)]1–Tb(1)–O(1) 85.49(15)

O(5)–Tb(1)–O(1) 92.19(14) O(7)–Tb(1)–O(1) 78.21(14)

O(2)]1–Tb(1)–O(3)]2 81.56(15) O(9)–Tb(1)–O(3)]2 70.26(15)

O(9)–Tb(1)–O(13)]2 134.08(14) O(5)–Tb(1)–O(13)]2 131.05(13)

O(7)–Tb(1)–O(13)]2 140.03(14) O(1)–Tb(1)–O(13)]2 72.00(14)

O(3)]2–Tb(1)–O(13)]2 66.16(14) O(2)]1–Tb(1)–O(4)]2 131.47(14)

O(9)–Tb(1)–O(4)]2 72.14(14) O(5)–Tb(1)–O(4)]2 67.31(13)

O(7)–Tb(1)–O(4)]2 129.38(13) O(1)–Tb(1)–O(4)]2 133.90(13)

O(13)]2–Tb(1)–O(4)]2 90.58(12) O(2)]1–Tb(1)–O(13) 136.25(13)

O(9)–Tb(1)–O(13) 133.26(13) O(5)–Tb(1)–O(13) 67.13(13)

O(7)–Tb(1)–O(13) 128.48(14) O(1)–Tb(1)–O(13) 69.86(13)

O(3)]2–Tb(1)–O(4)]2 50.61(13) O(3)]2–Tb(1)–O(13) 93.09(14)

O(13)]2–Tb(1)–O(13) 63.92(14) O(10)]3–Tb(2)–O(8) 147.09(15)

O(12)–Tb(2)–O(11) 54.23(14) O(10)#3–Tb(2)–O(4)#1 81.04(14)

O(8)–Tb(2)–O(4)]1 74.71(14) O(12)–Tb(2)–O(4)#1 72.46(14)

O(11)–Tb(2)–O(4)]1 93.39(14) O(10)#3–Tb(2)–O(6)#3 75.62(16)

O(8)–Tb(2)–O(6)]3 95.47(15) O(12)–Tb(2)–O(6)#3 145.70(15)

O(11)–Tb(2)–O(6)]3 146.97(14) O(4)#1–Tb(2)–O(6)#3 116.35(14)

O(10)]3–Tb(2)–O(5)]3 75.51(14) O(8)–Tb(2)–O(5)#3 74.57(14)

O(12)–Tb(2)–O(5)]3 131.27(13) O(11)–Tb(2)–O(5)#3 149.35(13)

O(4)]1–Tb(2)–O(5)]3 66.45(13) O(6)#3–Tb(2)–O(5)#3 50.66(13)

O(10)]3–Tb(2)–N(4) 124.95(16) O(8)–Tb(2)–N(4) 76.61(15)

O(12)–Tb(2)–N(4) 123.05(16) O(11)–Tb(2)–N(4) 80.89(16)

O(4)]1–Tb(2)–N(4) 151.32(15) O(6)#3–Tb(2)–N(4) 66.13(16)

O(5)]3–Tb(2)–N(4) 105.43(15) O(10)#3–Tb(2)–N(5) 77.67(16)

O(8)–Tb(2)–N(5) 134.27(15) O(12)–Tb(2)–N(5) 72.54(16)

O(11)–Tb(2)–N(5) 75.64(15) O(4)#1–Tb(2)–N(5) 142.96(16)

O(6)]3–Tb(2)–N(5) 87.16(15) O(5)#3–Tb(2)–N(5) 134.30(15)

N(4)–Tb(2)–N(5) 62.86(17)

Symmetry codes. ]1: �x, �y+1, �z+2; ]2: �x+1, �y+1, �z+2; ]3: x�1, y, z.; ]4: x+1, y, z.

Fig. 1. The ORTEP drawing for compound 1 with the atom-labeling

scheme. Symmetry codes: #1 x+1, y, z; #2 �x+1, �y+1, �z; 3 x�1, y, z.

H.-H. Song et al. / Journal of Solid State Chemistry 181 (2008) 1017–10241020
ca. 21.393 Å. So the polymeric structure of 1 can also be
described as those two double-chains are connected by water
molecules and 3,4-pyda ligands into interesting one-dimen-
sional nano-chain structures.
It should be noteworthy that carboxylate groups of 3,4-

pyda ligands adopt three kinds of coordination modes:
(1) the 3,4-pyda anion acts as cheating-bridging tetra-
dentate ligand towards the three Eu(III) cation (Scheme
1(a)), with four carboxylic oxygen; (2) the 3,4-pyda anion
acts as cheating–cheating–bridging tetradentate ligand
towards the three Eu(III) cation (Scheme 1(b)), with four
carboxylic oxygen; (3) the 3,4-pyda anion acts as brid-
ging–cheating–bridging tetradentate ligand towards the
four Eu(III) cation (Scheme 1(c)), with four carboxylic
oxygen. Interestingly, in three cases pyridine nitrogen atom
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Fig. 2. The two-dimensional layered structures of compound 1, y1 ¼ 5.41;

y2 ¼ 19.31.

Scheme 1. The coordination modes of pyda ligand in compounds 1 and 2.

Fig. 3. The emission spectra (emission at 340 nm) of compounds 1 and 2

in the solid state.

Table 4

Hydrogen bonding distances (Å) and angle (deg) data for 1 and 2

D–H d(H?A) oDHA d(D?A) Symmetry

transformation for A

1

O13–H13A?O14 1.913 170.73 2.874 �x+1, �y+1, �z

O13–H13B?O6 1.980 148.34 2.852 x�1, y, z

O14–H14A?N2 2.498 112.89 2.936 x�1, y+1, z

2

O13–H13A?O14 2.138 152.72 2.919 x, y, z+1

O13–H13A?O3 2.287 115.96 2.766 x, y, z+1

O13–H13B?O8 2.061 150.90 2.834 x+1, y, z
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does not participate in coordination. To the best of our
knowledge, the coordination modes of 3,4-pyda in complex
1 have not been observed in other coordination polymers
containing 3,4-pyda ligands [2,5,8–15]. The three types of
3,4-pyda ligands play a key role in extending the chains.

There are p–p stacking interactions of the aromatic ring
of phen ligands from two adjacent nano-chain structures
with face-to-face distances of ca. 3.624–3.661 Å, leading to
the formation of extended 2D layer parallel to the ab plane
as shown in Fig. 2. These layers are further extended into
three-dimensional supramolecular architecture through hy-
drogen bonding interactions between the free water
molecules and the O atom of the 3,4-pyda carboxylate or
N atom of the 3,4-pyda (Fig. 3). The typical hydrogen bonds
are O13?O14(�x+1, �y+1, �z) 2.874 Å, O14?N2(x�1,
y+1, z) 2.936 Å and O13?O6(x�1, y, z) 2.852 Å (Table 4).

X-ray single-crystal diffraction studies reveal that
compound 2 adopts a structure very similar to that of 1

(Figs. S1, S2, S3), as shown by the detailed structural data
listed in the Supplementary Materials.

3.2. Thermal stability

To investigate their thermal stabilities, TGA of 1 and 2

were carried out at a heating rate of 10 1Cmin–1 (Figs. S4,
S5). TG analysis shows that the thermal decomposition
behavior of compounds 1 and 2 was similar. Compound 1

first lost weight corresponding to two water molecules
(observed 3.52%, calculated 3.55%) from 150 to 250 1C.
Further weight loss corresponding to all organic compo-
nents (observed 62.78%, calculated 61.80%) was observed
between 250 and 900 1C. The remaining weight of 33.70%
corresponds to the percentage (34.65%) of Eu and O
components, indicating that the final product is Eu2O3.
Compound 2 first lost weight corresponding to two

water molecules (observed 3.54%, calculated 3.50%) from
150 to 250 1C, Further weight loss corresponding to all
organic components (observed 59.75%, calculated 60.18%)
was observed between 250 and 930 1C, The remaining
weight of 36.71% corresponds to the percentage (36.32%)
of Tb and O components, indicating that the final product
is Tb4O7.

3.3. Photoluminescent properties

The emission spectra of compounds 1 and 2 in solid state
at room temperature are depicted in Fig. 4. Excitation at
340 nm into the lowest energy ligand-centered absorption
band results in the luminescence characteristic of the Ln3+
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Fig. 4. Temperature dependence of magnetic properties of 2. Solid lines

are the guide for eyes.

Fig. 5. Field dependence of magnetization of 2. Solid lines are the guide

for eyes.

Fig. 6. Temperature dependence of magnetic properties of 1. Solid lines

are the guide for eyes.
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ion (Ln ¼ Eu, Tb). The emission peaks of 1 at 578, 589,
593, 613 and 617 nm can be assigned to 5D0-

7Fj (j ¼ 0, 1, 2)
transitions of Eu3+ [23–27]. The symmetric forbidden
emission 5D0-

7F0 found at 578 nm indicate that more
than one coordination environments are present for
Eu(III). The dominant band in the emission spectrum is
the 5D0-

7F2 electronic dipole transition, which was split
into two levels at 613 and 617 nm. The 5D0-

7F2 transition
is hypersensitive transition and is extremely sensitive to
chemical bonds in the vicinity of Eu3+ ion. The intensity of
the 5D0-

7F2 transition increases as the site symmetry of
Eu3+ decreases [28]. The 5D0-

7F1 emission peak was also
split into two levels at 589 and 593 nm. The 5D0-

7F1

transition is a magnetic dipole transition which is fairly
insensitive to the coordination environment of the Eu3+

ion. It is interesting to note that the 5D0-
7F2 transition is

much more intense than the 5D0-
7F1 transition and the

intensity ratio I(5D0-
7F2)/I(

5D0-
7F1) is equal to ca. 2.0,

which indicating that the symmetry of the Eu3+ ion site is
low. Because the asymmetric microenvironment causes the
polarization of the Eu(III) ion under the influence of the
electric field of the surrounding ligands and thus increases
the probability for the electronic dipole transition [27].

Compound 2 gives an entirely typical Tb3+ emission
spectrum containing the expected sequence of 5D4-

7Fj

transitions, with the j ¼ 3–6 components being visible.
Specific assignments [23–26] are as follows: 5D4-

7F6

(490 nm), 5D4-
7F5(545 nm), 5D4-

7F4(594 nm) and
5D4-

7F3(618 nm). Among the peaks, the emissions at
594 nm from 5D4-

7F4 and at 618 nm from the 5D4-
7F3

show signs of splitting, which may be the result of the
different coordination environment of the Tb(III) ion [29].
In addition, the spectrum is dominated by the 5D4-

7F5

transition, which gives an intense green luminescence
output for the solid sample. These are in agreement with
the result of the single-crystal X-ray analysis.

Generally, it is possible to obtain detectable lumines-
cence for Eu(III) and Tb(III) only by direct excitation at
their absorption peaks (at 396 and 370 nm, respectively)
[26,30,31]. The fact is that, for both 1 and 2, strong
luminescence was observed by excitation at 340 nm
indicating that we have succeeded in increasing the
absorption cross section of both lanthanides by excitation
of the ligand(s) and energy transfer to the Ln3+ ion by an
indirect process (antenna effect).

3.4. Magnetic properties

Variable-temperature magnetic susceptibility measure-
ments were performed on a SQUID MPMS-XL7 at an
applied field of 1 kG using crystalline samples of 1 and 2 in
the range of 300 to 1.8K in the forms of wMT and wM
versus T as shown in Figs. 5 and 6. At room temperature,
wMT of compound 2 is 23.61 emuKmol–1, consistent with
the value of 23.625 emuKmol–1 expected for two non-
interacting TbIII ions including the significant contribution
of the 4f orbital (4f8, J=6, S=3, L=3, g=3/2, 7F6). As the
system is cooled, wMT slowly decreases and reaches a
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minimum value of 21.76 emuKmol–1 at 12K, which is
obviously ascribed to the thermal depopulation of the
Stark components of lanthanide ions at low temperatures
[28,32–34]. Below 12K, wMT quickly increases to a
maximum of 22.15 emuKmol–1 at 3K and then abruptly
decreases, indicating the ferromagnetic coupling between
TbIII ions. The maximum of wMT is even lower than the
value at room temperature, indicating that the ferromag-
netic coupling is very weak but it is strong enough to
compensate for effect due to the thermal depopulation of
the Stark levels [34]. Fig. 6 shows the M–H plot at 1.8K.
Under the applied field, the magnetization first quickly and
then slowly increases below and above 10 kOe but it is far
away from the saturation state of 18Nbmol�1 (M ¼ SgJ

¼ 2� 3/2� 6) at 70 kOe, suggesting the strong anisotropy
in 2 because of the belt-like structure.

For compound 1, wMT at room temperature is
2.75 emuKmol–1 corresponding to the population of an
excited state (the theoretical value is 3 emuKmol–1) based
on two EuIII ions. As the temperature cool down, wMT

monotonously decreases, which is also attributed to the
thermal depopulation of the Stark components of free Eu
ions the same as that in compound 2. However, for 1, the
Stark effect dominates the magnetic properties rather than
the spin–spin coupling because the lowest lying J multiplet
of the free Eu ion is close to the excited ones (only 350 cm�1

from the ground state to first excited state) [33]. At 1.8K
wMT is equal to 0.02 emuKmol–1 close to zero, indicating a
ground state of 7F0 of Eu

III ions, because of wMTpJ(J+1)
(Fig. 6).

4. Conclusion

In this paper, two novel lanthanide coordination
polymers {[M2(3,4-pyda)3(phen)H2O] �H2O}n(M ¼ Eu,
Tb) have been synthesized under hydrothermal condition.
X-ray diffraction reveals that both compounds have similar
topology structures containing one-dimensional nano-
chain that are further assembled into a three-dimensional
supramolecular network via p–p stacking interactions and
hydrogen bonds. The three coordination modes of 3,4-
pyda in the two compounds are different from those found
in other coordination polymers containing 3,4-pyda
ligands. To our knowledge, they represent the first example
of nano-chain coordination polymers constructed by 3,4-
pydcH2 and chelate heterocylic ligand. Compounds 1 and 2

show characteristic transitions of Eu3+ and Tb3+,
respectively, and they show different magnetic properties.

Supplementary data

Crystallographic data for the structure reported in this
paper have been deposited with Cambridge Crystallo-
graphic Data Center as supplementary publication
No. CCDC-648470 for compound 1 and CCDC-648466
for compound 2. Copies of the data can be obtained free
of charge on applying to CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK (fax: +44 1223 336 033; e-mail:
deposit@ccdc.cam.ac.uk)
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